Abstract. Inhibitors of histone deacetylases (HDACs) represent a novel class of therapeutic anticancer agents. Panobinostat (LBH589) induces apoptosis through the regulation of specificity protein 1 (Sp1) in the oral squamous cell carcinoma (OSCC) cell lines, HN22 and HSC4. In this study, we analyzed the underlying signaling pathways and the mechanisms involved in this process by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay, 4' ,6-diamidino-2-phenylindole (DAPI) staining, immunocytochemistry and western blot analysis. LBH589 significantly reduced cell growth and the sub-G1 cell population and induced apoptosis. Sp1 protein expression was significantly reduced following treatment with LBH589 in a concentration-dependent manner. Furthermore, LBH589 upregulated the expression of p27 and p21 and downregulated the expression of cyclin D1, myeloid cell leukemia-1 (Mcl-1) and survivin; this led to the activation of apoptotic signaling pathways through the increase of Bax expression and the decrease of Bid and Bcl-xL expression. Treatment with LBH589 also induced the cleavage of caspase-3 and PARP in the HN22 and HSC4 cells. Taken together, our data demonstrate that LBH589 induces the apoptosis of OSCC cells by suppressing Sp1 expression, indicating that LBH589 may be a promising chemotherapeutic agent for the treatment of OSCC.
Introduction
Oral squamous cell carcinoma (OSCC) is an aggressive epithelial malignancy with a poor prognosis despite advances in diagnosis and treatment (1) . The most common risk factor for OSCC is tobacco, alcohol, ultraviolet light and oral lesions (2, 3) . Although surgery is effective, the incidence of this type of cancer is increasing (4) . Accordingly, the development of optimal treatment or therapeutic strategies for OSCC, as well as novel therapeutic regimens to prevent and treat OSCC is mandatory.
Natural products, potential sources of new drugs, have been applied in the field of medicine, pharmacy and biology for the past several decades (5) . Histone deacetylase (HDAC) inhibitors, a novel class of chemotherapeutic drug, have shown potent anticancer activities in preclinical studies (6) . HDAC inhibitors induce the rapid histone hyperacetylation of nucleosomal histones and chromatin remodeling, leading to changes in the expression of genes that control growth, differentiation and survival (7, 8) . Specifically, HDAC inhibitors have been linked to several downstream effects in tumor cell lines, resulting in cell cycle arrest and the induction of apoptosis (9) (10) (11) . A wide range of structurally diverse HDAC inhibitors has been purified from natural products and synthetically produced. Therefore, several clinical trials have been initiated.
Panobinostat (LBH589) is a novel HDAC inhibitor that blocks multiple cancer-related pathways and reverse epigenetic events implicated in cancer progression (12) . HDACs can be subdivided into two groups: zinc-dependent HDACs (class I, class II a/b and class IV) and zinc-independent HDACs (class III) (13) . LBH589 is characterized as a pan-deacetylase (pan-DAC) inhibitor, with activity against class I, II and IV HDACs (12) . LBH589 exerts inhibitory effects at low nanomolar concentrations across a wide range of hematological malignancies, such as lymphoma, acute myeloid leukemia and multiple myeloma (14) (15) (16) . However, its effects on oral cancer and the mechanisms behind LBH589-induced apoptosis remain poorly understood.
In the present study, we examined the effects of LBH589 on two OSCC cell lines, HN22 and HSC4. We demonstrate that DAPI staining. The number of cells undergoing apoptosis following treatment with LBH589 was quantified using DAPI staining. The cells with nuclear condensation and fragmentation were determined using nucleic acid stained with 4'-6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich).
After 48 h of post-treatment with different doses of LBH589 (5, 10 and 20 nM), the HN22 and HSC4 cells were harvested and fixed in 100% methanol at room temperature for 20 min. The cells were seeded on slides, stained with DAPI (2 mg/ml) and then monitored by a FluoView confocal laser microscope (Fluoview FV10i, Olympus Corp., Tokyo, Japan).
Western blot analysis. Following the treatment of the cells with LBH589, the cells were washed twice with ice-cold phosphate buffered saline (PBS) and harvested in an ice-cold PRO-PREP™ protein extraction solution (Intron Biotechnology, Seoul, Korea) containing a protease inhibitor. Protein concentrations were measured using the Bradford protein assay. Protein samples were separated on SDS-PAGE gels and transferred onto an Immobilon-P PVDF transfer membrane (Millipore, Billerica, MA, USA) using a semi-dry blotting apparatus. Western blot analysis was performed using ECL western blotting detection reagent according to the manufacturer's instructions (Thermo Scientific, Rockford, IL, USA).
Propidium iodide (PI) staining.
Following the treatment of the cells with LBH589, the detached cells were collected separately and the adherent cells were dissociated by trypsin-EDTA. The cells were washed with cold PBS and then pooled and centrifuged before being fixed in 70% ethanol overnight at -20˚C. Before flow cytometry analysis, the cells were centrifuged and incubated for 30 min at 37˚C in PBS to allow for the release of low-molecular weight DNA. Following centrifugation, the cell pellets were resuspended and treated with 150 mg/ml RNase A and 20 mg/ml PI using a MACSQuant ® analyzer (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany).
Immunocytochemistry. The cells were seeded onto glass cover slips on 6-well tissue culture plates for 24 h and incubated with LBH589 for 48 h. The cells were fixed/permeabilized with cytotoxic solution for 30 min. For the analysis of the expression of Sp1 and caspase-3, the cells were blocked with 1% BSA and then incubated with monoclonal Sp1 and cleaved caspase-3 antibody at 4˚C overnight. After washing with PBS, the cells were incubated with Alexa Fluor ® 546 anti-mouse IgG and Alexa Fluor ® 488 anti-rabbit IgG (1:1,000 dilution; Molecular Probes) in 1% BSA for 1 h and mounted with VECTSHIELD ® mounting medium for fluorescence with DAPI (Vector Laboratories, Inc., Burlingame, CA, USA) onto the cells. The cells were visualized using a laser confocal microscope.
Statistical analysis. The statistical significance of the differences between groups was assessed using the Student's t-test. The null hypothesis was rejected at a p-value <0.05.
Results

LBH589 inhibits cell viability and induces the apoptosis of human OSCC cells.
The aim of this study was to investigate whether LBH589 exerts growth inhibitory effects on human OSCC cells. The structure of LBH589 is shown in Fig. 1A . To investigate the efficacy of LBH589 as an anticancer drug, the HN22 and HSC4 cells were treated with LBH589 and cell viability was determined by MTS assay. As shown in Fig. 1B , MTS assay was carried out following treatment with LBH589 at various concentrations (5, 10, 15 and 20 nM) for 24 h or 48 h. The cell viability graphs show that LBH589 reduced HN22 and HSC4 cell viability at 24 h and 48 h, in a concentration-dependent manner (p<0.05). The maximal decrease was observed at 48 h relative to 24 h. The morphological changes were observed under an optical microscope after 48 h; the apoptotic phenotype showed was a rounded cell, with cytoplasmic blebbing and irregularities in shape (Fig. 1C) . These results indicate that LBH589 inhibits the growth of human OSCC cells.
LBH589 induces G1 phase cell cycle arrest and apoptosis in OSCC cells. Cancer cell growth can be suppressed by cell cycle arrest or the induction of apoptosis, or both (17) . We carried out a confocal laser microscopic analysis of the LBH589-treated HN22 or HSC4 cells to demonstrate the apoptotic morphological changes using DAPI staining, which specifically stains the nuclei. The results revealed the presence of nuclear condensation and perinuclear apoptotic bodies upon LBH589 treatment at a concentration of 5, 10 and 20 nM for 48 h. The percentage of cells with nuclear fragmentation in the LBH589-treated group compared with the DMSO-treated group is shown in Fig. 2A and B. To determine whether the LBH589-mediated 5 nM LBH589, 6.9±3.6% at 10 nM and 28.0±4.2% at 20 nM of LBH589 compared with the untreated control cells. The graph shows the quantification of the FACS data (Fig. 2D) .
LBH589 suppresses Sp1 expression in OSCC cells.
Sp1 plays an important role in oncogenesis. Therefore, if the expression level of Sp1 protein may be effectively modulated by a chemotherapeutic agent, then the agent may be a potent candidate for an anticancer drug by suppressing tumor progression. To determine whether Sp1 protein expression levels were reduced by LBH589, the HN22 and HSC4 cell lines were treated with various concentrations of LBH589 at 0, 5, 10 and 20 nM for 48 h. As shown in Fig. 3A and B, treatment with LBH589 induced a significant decrease in the protein expression levels of Sp1 in the HN22 and HSC4 cells in a dose-dependent manner. To further investigate the apoptotic effects of the downregulation of Sp1 by LBH589, the two OSCC cell lines, HN22 and HSC4, were treated with 20 nM LBH589 for different periods of time (0, 6, 12, 24, 36 and 48 h). The Sp1 levels significantly decreased as time progressed. LBH589 also induced the cleavage of caspase-3, thus inducing apoptosis ( Fig. 3C and D) . Consistent with these observations, the immunocytochemistry results also revealed a decreased level of Sp1 and an increased level of cleaved caspase-3 in a dosedependent manner in the HN22 and HSC4 cell lines (Fig. 3E) . Collectively, these results suggest that the downregulation of Sp1 by treatment with LBH589 leads to apoptotic cell death.
LBH589 modulates the regulator of cell cycle arrest and apoptosis in OSCC cells. Sp1 has been shown to regulate the expression of various gene products involved in cell cycle progression, growth and apoptosis, an important role in oncogenesis (18, 19) . To further support the association between LBH589 and Sp1-mediated apoptosis, we investigated Sp1 target proteins and apoptotic proteins. We found that the cell cycle arrest involved proteins, such as p27 and p21, which were significantly increased by LBH589, whereas cell proliferation and survival-related proteins, such as cyclin D1, myeloid cell leukemia-1 (Mcl-1) and survivin, were remarkably attenuated by LBH589 treatment in a dose-dependent manner (Fig. 4A  and B) . Furthermore, we investigated the expression of proteins involved in apoptosis regulation. As shown in Fig. 5A and B, the downregulation of Bid and Bcl-xL and the upregulation of Bax appeared to be involved in the apoptotic cell death induced by LBH589. In addition, the cleavage of caspase-3 and PARP was induced by LBH589 in a dose-dependent manner. These results indicate that the treatment of OSCC cells with LBH589 induces the downregulation of Sp1, resulting in growth arrest and the induction of apoptotic cell death.
Discussion
While the cellular responses of disparate chemotherapeutic agents seem to be many and varied, it now seems certain that a major mechanism of action of such agents is the induction of endogenous cell death pathways, inducing apoptosis and thereby eliminating tumor cells (20) . The first pathway is the ligation of death receptors, such as Fas and tumor necrosis factor receptor (TNFR), inducing a cascade of protein-protein interactions mediated by caspases (21) . The other pathway, stimulated by stress stimuli, such as growth factors and chemotherapeutic drugs, uses the mitochondria as a key component for the induction of cell death, resulting in the release of mitochondrial proteins and the activation of caspases (22) .
The effectiveness of chemotherapeutic agents can be affected by alterations in apoptotic pathways, and this possibility is becoming an important factor in determining the most effective chemotherapeutic drugs for cancer treatment. HDAC inhibitors have appeared as promising chemotherapeutic agents by their ability to induce apoptosis and inhibit cell cycle progression (23) (24) (25) . The antitumorigenic effects of HDAC inhibitors are notable due to the fact that their cytotoxicity is specific to cancer cells and not to normal cells or tissues. Compared with other anticancer drugs, HDAC inhibitors are well tole rated with a good toxicity profile (26) . A number of studies have reported that LBH589 exerts antitumor effects on various cancer-derived cells, including epithelial ovarian, prostate and liver cancer cells, as well as hepatocellular carcinoma cells (27) (28) (29) (30) . Nevertheless, the anticancer activities of LBH589 on human OSCC cells are not yet fully understood. LBH589 triggers ER stress with the activation of caspase-12, the upregulation of phosphorylated JNK and the overexpression of CHOP, with the final activation of executioner caspase-3 (30) .
In this study, we determined whether LBH589 is capable of inhibiting cell growth and decreasing Sp1 expression, thus inducing apoptosis in OSCC cells. We found that LBH589 inhibited cell growth and induced apoptosis in the HN22 and HSC4 cell lines. Moreover, the LBH589-induced apoptosis was associated with a decrease in Sp1 expression in the HN22 and HSC4 cells.
The ubiquitous transcription factor, Sp1, is overexpressed in various human cancer cell lines (31) (32) (33) (34) (35) and plays a role in the regulation of genes which are involved in many cellular processes (36) . Sp1 has transcriptional activity on the promoters of genes involved in cell cycle progression, differentiation and oncogenesis (37) . Several studies have demonstrated that HDAC inhibitors downregulate different Sp1 target proteins by inhibiting Sp1 activity (38, 39) . In this study, Sp1 expression was significantly decreased in the LBH589-treated cells. LBH589 also regulated apoptosis-related proteins, such as caspase-3. Treatment with LBH589 induced the cleavage of caspase-3, thus promoting apoptosis.
To further characterize the effects of LBH589 on Sp1, we analyzed the effects of LBH589 on p27, p21, cyclin D1, Mcl-1 and survivin, a Sp1 target protein, by western blot analysis (40) (41) (42) . The results revealed that LBH589, as a HDAC inhibitor, also inhibited the level of Sp1 and regulated Sp1 target proteins, such as p27, p21, cyclin D1, Mcl-1 and survivin in a dose-dependent manner. Consistent with this, LBH589 reduced Bid and Bcl-xL expression and increased Bax expression. LBH589 also activated caspase-3 and PARP, suggesting that LBH589 regulated Sp1 and ultimately led to apoptotic cell death.
In conclusion, the present study demonstrates that LBH589 suppresses Sp1 expression, leading to the upregulation of p27 and p21 and the downregulation of cyclin D1, Mcl-1 and survivin and a subsequent decrease in cell viability through a caspase-3-dependent apoptotic signaling pathway in OSCC cells. The present study delineates, in part, the signaling pathways involved in the LBH589-induced decrease in the viability of OSCC cells.
